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(57) Abstract: The present invention relates to a method for the isolation and cultivation of mesenchymal stem/progenitor cells from 
umbilical cord blood, and also to a method for the differentiation of the umbilical cord blood-derived mesenchymal stem/progenitor 
cells into various mesenchymal tissues. The method comprises the steps of: overlaying umbilical cord blood onto Ficoll-Hypaque 
solution; centrifuging the umbilical cord blood on the Ficoll-Hypaque solution to obtain a mononuclear cell layer; reacting cells 
obtained by monolayer culture of the mononuclear cells with antibodies to mesenchymal stem/progenitor cell-specific antigens for 
a predetermined period of incubation time; isolating only cells bound to their corresponding antibodies using a cell sorter, and 
cultivating the isolated cells, thereby obtaining mesenchymal stem/progenitor cells with high purity and excellent viability. The 
mesenchymal stem/progenitor cells of the present invention are capable of differentiating into various mesenchymal tissues includ- 
ing chondrocytes and osteoblasts. Thus, the method of cell isolation and cultivation according to the present invention allows mass 
production of the mesenchymal stem/progenitor cells, and the cells obtained by the present invention are useful in the renewal and 
treatment of injured mesenchymal tissues. 
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ISOLATION AND CULTURE-EXPANSION METHODS OF 
MESENCHYMAL STEM/PROGENITOR CELLS FROM UMBILICAL 
CORD BLOOD, AND DIFFERENTIATION METHOD OF UMBILICAL 
CORD BLOOD-DERIVED MESENCHYMAL STEM/PROGENITOR CELLS 

INTO VARIOUS MESENCHYMAL TISSUES 

Background of Invention 

Technical Field 

The present invention relates to a method for the isolation and cultivation of 
mesenchymal stemyprogenitor cells from umbilical cord blood, and a method for the 
differentiation of the umbilical cord blood-derived mesenchymal stem/progenitor 
cells into various mesenchymal tissues. 

Background An 

As the treatment methods for damaged tissues and organs by chronic disease 
and cancer, there are mainly two therapeutical options such as drug medication and 
surgical operation. However, these techniques have problems in that they are 
mostly only symptomatic treatment of mitigating only symptoms, often cause 
surgical complications, and impose a significant economic burden upon long-term 
treatment 

Recently, as one expedient for treating the damaged tissues and organs, 
which overcomes the prior problems and can show more excellent treatment effect, 
there is a new attention for a method which uses the cells capable of being self- 
renewing and differentiating as a source of transplantation for the damaged tissues 
and organs. 

Typical examples of such cells include mesenchymal stem cells, progenitor 
cells, and hemopoietic stem cells. The hemopoietic stem cells are differentiated 
into intravascular blood cells including red blood cells, leucocytes, and platelets, 
whereas the mesenchymal stem/progenitor cells are multipotent stem cells that can 

i 
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be differentiated into various cells. 

The mesenchymal stem/progenitor cells can be differentiated into various 
cells and tissues constituting the human body, including marrow stromal cells, 
chondrocytes, osteoblasts, adipocytes, myocytes, tenocytes, ligament cells, and 
5 nervous cells. Therefore, they are highlighted as the most important cells in view of 
the practical use of regenerative medicine. 

So far, bone marrow is the main source of the mesenchymal stem/progenitor 

cells. 

Bone morrow is rich in mesenchymal stem/progenitor cells, but collection of 

10 bone marrow is an invasive technique including pricking with a biopsy needle 
several times and thus has a difficulty in practical use. Furthermore, the bone 
marrow collection requires general anesthesia upon a isurgical operation so that it 
give a patient significant mental and physical burdens and also significant pain upon 
a surgical operation. Because of the difficulties in this collection process, the 

15 construction of infrastructure including a bone marrow storage bank is impracticable. 

On the other hand, the collection of umbilical cord blood can be simply 
conducted after childbirth and does not cause any injury to mother and baby and thus 
has a high possibility of its practical use. Moreover, storage and banking of the 
umbilical cord blood becomes so general and active progress to the public that it is 

20 easy to seek its donor. 

Umbilical cord blood is a good source of hemopoietic stem cells, and the 
transplantation of the hemopoietic stem cells using the umbilical cord blood is 
clinically activated. However, since whether the umbilical cord blood can be a 
good source of the mesenchymal stem/progenitor cells is not yet established, the 

25 present invention aims to provide a technique for the isolation and cultivation of the 
mesenchymal stem/progenitor cells from the umbilical cord blood and to 
demonstrate the characteristics of the umbilical cord blood-derived cells as the 
mesenchymal stem/progenitor cells. 

* 

The techniques of obtaining the mesenchymal stem/progenitor cells from the 

■ 

30 umbilical cord blood must be considered that it is capable of isolating and culturing 

2 



only the mesenchymal stem/progenitor cells while maintaining high purity and 
excellent viability of the cells, since various cells including hematopoietic blood cells 
are present in the umbilical cord cells, and the mesenchymal stem/progenitor cells 
are only a very small portion thereof. 
5 As the technique for the isolation and cultivation of the mesenchymal 

stem/progenitor cells, Ficoll-Hypaque centrifugation is mainly used However, this 
technique has a problem in that it allows only leucocytes among various cells present 
in the umbilical cord blood to be removed so that substantially available 
mesenchymal stem/progenitor cells among the isolated cells are very small in their 
10 number and also influenced by other cells during subcultivation, thereby reducing 
their viability. 

Owing to this reduction in number and quality of these cells, the induction of 
differentiation of these cells into mesenchymal tissues is not well accomplished, and 
conditions for the differentiation of these cells into certain tissues are not established. 

15 Accordingly, there are needs for a method for the efficient isolation and 

cultivation of the mesenchymal stem/progenitor cells from the umbilical cord blood, 
and a method for the differentiation of these cells into the mesenchymal tissues. 

The present invention aims to provide a method for efficiently isolating and 
cultivating the mesenchymal stem/progenitor cells from the umbilical , ; cord blood 

20 through antigen-antibody reaction using mesenchymal stem/progenitor cell-related 
antibodies, and also to provide a method for the differentiation of these cells into the 
mesenchymal tissues. 

Disclosure of Invention 

25 The present invention provides a method for the isolation and cultivation of 

the mesenchymal stem/progenitor cells frpm the umbilical cord blood. 

The method of cell isolation and cultivation according to the present 
invention comprises the steps of: overlaying umbilical cord blood onto Ficoll- 
Hypaque solution; centrifuging the umbilical cord blood on the Ficoll-Hypaque 

30 solution to obtain mononuclear cells; reacting cells obtained^by monolayer culture of 

3 
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the mononuclear cells with antibodies to mesenchymal stem/progenitor cell-related 
antigens for a predetermined period of incubation time; isolating only cells bound to 
their corresponding antibodies using a cell sorter; and cultivating the isolated cells. 

In the method for isolating and cultivating the mesenchymal stem/progenitor 
5 cells according to the present invention, the umbilical cord blood is defined as the 
blood collected from umbilical vein connecting the placenta to a fetus in mammals. 
In the method of cell isolation and cultivation according to the present invention, 
human umbilical cord blood is preferably used. 

The Ficoll-Hypaque solution that is used in the method of cell isolation and 
10 cultivation according to the present invention preferably has a density of 1 .077 g/ml. 

The antibodies to the mesenchymal stem/progenitor cell-related antigens, 
which are used in the method of cell isolation and cultivation of the present invention, 
are one or more selected from antibodies for cell surface antigens that are expressed 
from the mesenchymal stern/progenitor cells. Specifically, they are one or more 
15 selected from antibodies for CD 105, stro-1, SID and SH4, and such antibodies are 

■ 

preferably used all together in order to increase purity to the maximum. 

The antibodies to the mesenchymal stem/progenitor cell-related antigens, 
which are used in the method of cell isolation and cultivation of the present invention, 
have a suitable marker attached thereto, which varies according to the characteristic 

20 of the cell sorter. Specifically, when a magnetic cell sorter is used, antibodies 
having a magnetic microbead attached thereto are used. When a FACsorter is used, 
there are used antibodies to which a fluorochrome, such as fluorescein isothiocyanate 
(FITC), phycoerythrin (PE), PerCP or the like, is attached. 

In the cells isolated as described above, there will be present only the cells 

25 expressing the antigens, i.e., the mesenchymal stem/progenitor cells. 

In the present invention, the immune response between antigens and 
antibodies is used through the use of the antibodies to the mesenchymal 
stem/progenitor cell-specific antigens as described above, so that only the 
mesenchymal stem/progenitor ceils among various cells present in the umbilical cord 

30 blood are isolated and cultivated. Thus, the substantial number of available stem 



10 



20 



cells is increased. 

The present invention provides umbilical cord blood-derived mesenchymal 
stem/progenitor cells obtained by the method of cell isolation and cultivation as 
described above. 

j 

In the present invention, the progenitor cells are defined as all progenitor 
cells which can be obtained during the differentiation of the umbilical cord blood- 
derived mesenchymal stem/progenitor cells into chondrocytes and osteoblasts. 

The umbilical cord blood-derived mesenchymal stem/progenitor ceils have 
immunophenotypic characteristics in that they show a positive response to antibodies 
for CD29, CD49e, CD44, CD54, CD13, CD90, SH2, SH3 and SH4 antigens, and 
show a negative response to antibodies for CD45, CD34, CD 14, HLA-DR, CD31, 
CD51/61, CD49d, CD106, and CD64 antigens. 

Hereinafter, the immunophenotypic characteristic of the umbilical cord 
blood-derived mesenchymal stem/progenitor cells according to the present invention 
15 will be described in detail. 

The umbilical cord blood-derived mesenchymal stem/progenitor cells of the 
present invention show negative response to CD45, CD34 and CD14 as 
hematopoietic antigens and HLA-DR as a histocompatibility antigen so that they can 
minimize the rejection response that is the greatest problem in tissue or organ 
transplantation. Thus, the umbilical cord blood-derived mesenchymal 
stem/progenitor cells of the present invention are useful as a source of cells for 
allogeneic transplantation and also as universal donor cells. 

The umbilical cord blood-derived mesenchymal stem/progenitor cells of the 
present invention show a negative response to CD3 1 as an endothelial cell-associated 
25 antigen, and for CD51/61 as an osteoclast- associated antigen. 

Thus, when the umbilical cord blood-derived mesenchymal stem/progenitor 
cells of the present invention is used in tissue transplantation, side effects are 
minimized that can be caused by the production of undesired blood vessels or the 
differentiation of cells into osteoclasts during the production of chondrocytes and 
30 osteoblasts. 
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The umbilical cord blood-derived mesenchymal stem/progenitor cells of the 
present invention show a positive response to CD 29 and CD49e as integrin receptor- 
associated antigens, and a negative response to CD49d. 

The umbilical cord blood-derived mesenchymal stem/progenitor cells of the 
5 present invention show a positive response to CD44 and CD54 as matrix receptor- 
associated antigens, and a negative response to CD 1 06. 

The umbilical cord blood-derived mesenchymal stem/progenitor cells of the 
present invention show a positive response to antibodies for other antigens, namely 
CD 13 and CD90, and a negative response to an antibody for a CD 64 antigen. 
10 The umbilical cord blood-derived mesenchymal stem/progenitor cells of the 

present invention show a positive response to antibodies for SH2, SH3 and SH4 as 
mesenchymal stem/progenitor cell-associated antigens, and this immunophenotypic 
characteristic is stably maintained even after several passages. 

The immunophenotypic characteristics of the inventive cells as described 
15 above are identical to the immunophenotypic characteristic of typical mesenchymal 
stem/progenitor cells. 

The umbilical cord blood-derived mesenchymal stem/progenitor cells of the 
present invention have self-renewal capability under a suitable condition so that they 
can continue to expand while they are not differentiated into certain cells or tissues. 
20 The umbilical cord blood-derived mesenchymal stem/progenitor cells of the 

present invention are cells originated from a population younger than cells originated 
from mesenchymal stem cells isolated from general mesenchymal tissues including 
marrow, muscle and skin tissues, so that they have more excellent differentiation 
capability. 

25 Owing to this multipotency, the cells of the present invention can be 

. differentiated into mesenchymal tissues, such as osteoblasts, chondrocytes, 
adipocytes, myocites, tenocytes and so on, under suitable conditions. 

Specifically, the present invention provides a method for the differentiation 
of the umbilical cord blood-derived mesenchymal stem/progenitor cells into 
30 mesenchymal cells. 

6 



The method of cell differentiation according to the present invention 
comprises cultivating the umbilical cord blood-derived mesenchymal 
stern/progenitor cells in cell differentiation medium for predetermined periods of 
time under suitable conditions, which vary depending to the kind of the 
5 mesenchymal tissue cells to be differentiated. 

In the method of cell differentiation according to the present invention, the 
mesenchymal cells can be specifically chondrocytes or osteoblasts. Compositions 
of chondrogenic differentiation medium and osteogenic differentiation medium that 
are used in the present invention are given in Tables 1 and 2 below, respectively. 
10 Table 1 : Composition of chondrogenic differentiation medium according to 

the present invention 



Components 


Concentration 


tgf-p m 


10 ng/m£ 




Bovine insulin 


6.25 ng/ml 


rrs-pius 


Transferrin 


6.25 vg/ml 




Selenous acid 


5.35 fig/ml 




Linoleic acid 


1.25 [ig/vd 




Bovine serum albumin (BSA) 


10O {ig/mt 


Sodium pyruvate' 


100 nM 


Dexamethasone 


100 nM 


Ascorbic acid 2-phosphate 


50 fig/ ml 


Proline 


40 us/wl 



Table 2: Composition of osteogenic differentiation medium according to the 
present invention 



Components 


Concentration 


Dexamethasone 


0.1 mM 


P -glycerol phosphate 


10 mM 


Ascorbic acid 2-phosphate 


50 jiM 



15 The components indicated in Tables 1 and 2 are used after added to one 

selected from conventional cell culture mediums, including DMEM, a-MEN, 
McCoys 5A medium, Eagle's basal medium, CMRL medium, Glasgow minimal 

7 
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essential medium, Ham's F-12 medium, Iscove's modified Dulbecco's medium, 
Liebovitz' L-15 medium, RPMI 1640 medium and so on. In the case of the 
chondrogenic differentiation medium, DMEM is preferably used, and in the case of 
the osteogenic differentiation medium, a-MEM is preferably used. 
5 Furthermore, in addition to the components as described above, the cell 

differentiation medium that is used in the present invention may additionally contain 
one or more assistants, "if necessary. Such assistants include a growth factor, and 
horse or human serum, and also antibiotics and antifungal agents, including penicillin 
G, streptomycin sulfate, amphotericin B, gentamycin and nystatin, which can be 
10 added to prevent microorganism contamination. 

As evident from Examples below, according to the method of cell isolation 
and cultivation of the present invention, the mesenchymal stem/progenitor cells with 
high purity and excellent viability can be obtained from the umbilical cord blood. 

The mesenchymal stem/progenitor cells of the present invention can be 
differentiated into various mesenchymal tissues so that they express type II collagen, 
type X collagen and aggrecan genes, as typical markers of the chondrocytes, under 
suitable chondrogenic medium and conditions. 

Moreover, the umbilical cord blood-derived mesenchymal stem/progenitor 
cells of the present invention can express osteocalcin, osteopontin and alkaline 
phosphatase genes, as typical markers of the osteblasts, under suitable osteogenic 
medium and conditions, and allows extracellular accumulation of calcium in the 
same manner as the osteoblasts. 

« 

As a result, the method of cell isolation and cultivation of the present 
invention can be used for the mass production of the mesenchymal stem/progenitor 
cells that are so-called multipotent cells. Also, this will exhibit its utility in 
accordance with the expansion of an umbilical cord blood storage system, which is 
currently actively conducted by an umbilical cord blood storage bank. 

Furthermore, the umbilical cord blood-derived mesenchymal 
stem/progenitor cells obtained by the method of cell isolation and cultivation of the 
present invention can be differentiated into various tissues, if necessary. Thus, they 



can bring an important development in the treatment of injured mesenchymal tissues 
whose renewal was difficult. 

Brief Description of the Drawings 

5 FIG. 1 is a drawing showing a collection bag containing umbilical cord 

blood collected from umbilical vein; 

FIG. 2 is a drawing showing a morphological characteristics of umbilical 

■ 

cord blood-derived mesenchymal stem/progenitor cells according to the present 
invention; 

10 FIG. 3 is a drawing showing the result of a test to examine if umbilical cord 

blood-derived mesenchymal stem/progenitor cells of the present invention express 
hematopoietic antigens and histocompatibility antigens; 

FIG. 4 is a drawing showing the result of a test to examine if umbilical cord 
blood-derived mesenchymal stem/progenitor cells of the present invention express 
15 endothelial cell-associated antigens and osteoclast-associated antigens; 

FIG. 5 is a drawing showing the result of a test to examine if umbilical-cord 
blood-derived mesenchymal stern/progenitor cells of the present invention express 
integrin receptor-associated antigens; 

FIG. 6 is a drawing showing the result of a test to examine if umbilical cord 
20 blood-derived mesenchymal stem/progenitor cells of the present invention express 
matrix receptor-associated antigens; 

FIG. 7 is a drawing showing the result of a test to examine if umbilical cord 
blood-derived mesenchymal stem/progenitor cells of the present invention express 
other antigens; 

25 FIG. 8 is a drawing showing the result of a test to examine if surface 

antigens of mesenchymal stem/progenitor cells are expressed in umbilical cord 
blood-derived mesenchymal stemyprogenitor cells of the present invention; 

FIG. 9 is a drawing showing the result of immunostaining for cartilage- 
associated proteins after umbilical cord blood-derived mesenchymal stem/progenitor 

30 cells of the present invention were differentiated into chondrocytes; 
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FIG. 10 is a drawing showing the result of RT-PCR for cartilage-associated 
genes after umbilical cord blood-derived mesenchymal stem/progenitor cells of the 
present invention were differentiated into chondrocytes; 

FIG. 1 1 is a drawing showing the result of histochemical staining for bone- 
5 associated proteins and inorganic substances after umbilical cord blood-derived 
mesenchymal stem/progenitor cells of the present invention were differentiated into 
osteoblasts; and 

FIG. 12 is a drawing showing the result of RT-PCR for bone-associated 
genes after umbilical cord blood-derived mesenchymal stem/progenitor cells of the 
10 present invention were differentiated into osteoblasts. 

Best Mode for Carrying Out the Invention 

The present invention will hereinafter be described in further detail by 
examples. It should be borne in mind that the present invention is not limited to or 
15 by the examples. 

Example 1: Isol ation and cultivation of mesenchymal stem/pro gendtor cells 
from umbilical cord blood according to the present invention 

1) Isolation and ex vivo cultivation of mesenchymal stem/progenitor cells 
20 from umbilical cord blood 

Umbilical cord blood was collected from umbilical vein after childbirth. In 
collecting the umbilical cord blood, after the umbilical cord was sufficiently 
sterilized with alcohol and betadine, the umbilical vein was pricked with a 16G 
needle connected to an umbilical cord blood-collection bag containing 23ml of a 

25 CDPA-1 anticoagulant such that the umbilical cord blood was collected into the 
collection bag by gravity (see, FIG. 1). 

After 15ml Ficoll-Hypaque (density: 1.077 g/ml) was placed in a 50ml 
conical tube, 25ml umbilical cord blood collected as described above was slowly 
overlaid onto Ficoll-Hypaque and centrifiiged at 400xg for 40 minutes at room 

30 temperature to form a mononuclear cell layer. After removing the supernatant, the 

10 



mononuclear cell layer was transferred to a fresh tube. To the mononuclear cells, 
30ml phosphate buffered saline (PBS) containing 2% fetal bovine serum was added, 
centrifuged at 200xg for 10 minutes and washed. 

After the washing was repeated two times, the mononuclear cell layer was 
5 added with 30ml NHUCl-Tris solution, left to stand for 15 minutes, and centrifuged at 
200xg for 10 minutes at room temperature. After removing the supernatant, the 
mononuclear cell layer was added with 30ml 2%FBS-PBS, centrifuged at 200xg for 
10 minutes at room temperature and washed. 

After this procedure was repeated again, the mononuclear cell layer obtained 
10 by supernatant removal was added with 10ml basal medium (a-MEM or DMEM 

w 

medium) containing 10% FBS and well mixed. 

The mononuclear cells isolated as described above were measured for their 
viability and cell count, introduced into a cell culture vessel along with basal medium 
at a suitable number (5 X 10 5 to 1 X 10 6 cells/cm 2 ), and then incubated in 5% C0 2 
15 incubator. Then, the cells were monolayer-cultured at 37 °C. 

The appearance of a colony was observed with a microscope everyday to 
examine if the colony is well attached and grows in a monolayer on the bottom of the 
culture vessel. 

After the cells reached 90% confluency, the medium was removed using a 
20 suction pump and a pipette, and then the cells were washed with PBS from which 
calcium and magnesium had been removed. The washed cells were added with 
0.25% Trypsin/EDTA solution, and left to stand for 10 minutes at 37 °C in 5% C0 2 
incubator. Cells detached from the cell culture vessel were collected in a tube again, 
centrifuged at 200xg for 10 minutes at room temperature and washed. 
25 The washed cells were reacted with antibodies to mesenchymal 

stem/progenitor cell-specific antigens for a given period of incubation time. The 
antibodies to the mesenchymal stem/progenitor cell-specific antigens were antibodies 
to CD1 05, stro-1 , SH3 and SH4, in which each of the antibodies has a magnetic bead 
or a fluorochrome attached thereto, such as fluorescein isothiocyanate (FITC), 
30 phycoerythrin (PE) or PerCP and so on. 

11 
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After reaction with the antibodies, the mesenchymal stem/progenitor cells 
bound to their corresponding antibodies were isolated using cell separation 
equipment such as magnetic cell sorter or FACsorter. 

The cells isolated as described above were added with 10ml basal medium 
5 containing 10% FBS, thoroughly mixed and measured for their viability and cell 
count. Basal medium and the mesenthymal stem/progenitor cells of a suitable 
number (4 to 5 x 10 cells/cm ) were plated into a cell culture vessel, and cultivated 
at 37 °C, in 5% C0 2 incubator. 

Thereafter, whenever the cells reached 100% confluency, repeated 
10 subcultivation was conducted so that the umbilical cord blood-derived mesenchmal 
stem/progenitor cells were expanded ex vivo. 

FIG. 2 shows the morphological characteristics of the cells isolated by the 
method of the present invention. In FIG. 2a, the cells isolated by the inventive 
method grew in the form of a spindle shape, as a typical shape of the mesenchymal 
15 stem/progenitor cells, and a homogeneous fibroblast-like colony shape. As shown 
in FIG. 2b, the cells of the present invention were stained with Trypan blue and 
measured for their viability, and results showed a very excellent viability of 98-99%. 

As a result, the method of the present invention allows efficient isolation and 
cultivation of the mesenchymal stem/progenitor cells from the umbilical cord blood. 

20 

2) Analysis of characteristics of umbilical cord blood-derived mesenchymal 
stem/progenitor cells obtained by the present invention 

In order to examine if the umbilical cord blood-derived cells obtained by the 
present invention have the characteristic of the mesenchymal stem/progenitor cells, 
25 the expression pattern of cell surface antigens of the cells obtained in 1) of Example 
1 were analyzed as follows. 

Antigens whose immunophenotypes are examined in this Example were 
CD45, CD34 and CD 14 as hematopoietic antigens, HLA-DR as a histocompatibility 
antigen, CD31 as an endothelial cell-associated antigen, CD51/61 as an osteoclast- 
30 associated antigen, CD29, CD49d and CD49e as integrin receptor-associated 

12 



antigens, CD44, CD54 and CD 106 as matrix receptor-associated antigens, SH2, SH3 
and SH4 as mesenchymal stem/progenitor cell-specific antigens, and CD 13, CD64 
and CD90 as other antigens. 

2 x 10 6 cells cultivated in the above 1) were washed with PBS solution 
5 containing 2% FBS, and reacted with antibodies corresponding to the respective 
antigens at room temperature. The expression of the antigens was examined using a 
flow cytometer, and the results thereof are shown in FIGS. 3 to 7. Namely, FIG. 3 
shows results for the hematopoietic antigens and the histocompatibility antigens, FIG. 
4 shows results for the endothelial cell-associated antigens and osteoclasts-associated 

10 antigens, FIG. 5 shows results for the integrin receptor-associated antigens, FIG. 6 
shows results for the matrix receptor-associated antigens, and FIG. 7 shows results 
for the other antigens. 

As shown in FIG. 3, the umbilical cord blood-derived mesenchymal 
stem/progenitor cells of the present invention showed a negative response to 

15 antibodies for CD45, CD34 and CD14 as hematopoietic antigens, and HLA-DR as a 
histocompatibility antigen. 

Thus, the umbilical cord blood-derived mesenchymal stem/progenitor cells 
of the present invention are deficient in the hematopoietic antigens and the 
histocompatibility antigen, so that they can minimize rejection that is a problem in 

20 tissue transplantation. 

As shown in FIG. 4, the umbilical cord blood-derived mesenchymal 
stem/progenitor cells of the present invention showed a negative response to 
antibodies for CD31 as an endothelial cell-associated antigen, and CD51/61 as an 
osteoclast-associated antigen. 

25 Thus, it can be found that, when the umbilical cord blood-derived 

mesenchymal stem/progenitor cells of the present invention are used in tissue 
transplantation, there are no side effects that can be caused by the production of 

« 

undesired blood vessels and the differentiation of cells into the osteoclasts during 
chondrocyte or osteoblast production. 
30 As shown in FIG. 5, the umbilical cord blood-derived mesenchymal 

13 
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stem/progenitor cells of the present invention showed a positive response to 
antibodies for CD 29 and CD49e as integrin receptor-associated antigens while 
showing a negative response to an antibody for CD49d antigen. 

As shown in FIG. 6, the umbilical cord blood-derived mesenchymal 
5 stem/progenitor cells of the present invention showed a positive response to 
antibodies for CD44 and CD54 as matrix receptor-associated antigens while showing 
a negative response to an antibody for CD 106 antigen. 

As shown in FIG. 7, the umbilical cord blood-derived mesenchymal 
stem/progenitor cells of the present invention showed a positive response to 
10 antibodies for other antigens, i.e., CD13 and CD90, while showing a negative 
response to an antibody for to CD64 antigen. 

Also, there was conducted a test to examine if each of the first, fifth, tenth 
and fifteenth passage cultures of the umbilical cord blood-derived mesenchymal 
stem/progenitor cells of the present invention express SH2, SIB and SH4 as typical 
15 surface antigens of the mesenchymal stem/progenitor cells. As a result, as shown in 
FIG. 8, it could be found that the cells of the present invention showed a positive 
response to these antigens, like the first passage culture of the bone marrow-derived 
mesenchymal stem/progenitor cells, even after several subcultivations, and this 
immunophenotype was stably maintained even after several passages. 
20 The immunophenotypes shown in FIGS. 3-8 of the umbilical cord blood- ' 

derived mesenchymal stem/progenitor cells of the present invention are identical to 
those of the prior mesenchymal stem/progenitor cells. This suggests that the cells 
isolated from the umbilical cord blood by the method of the present invention have 
excellent characteristics for the mensenchymal stem/progenitor cells. 

25 

Example 2: Differentiation of umbilical cord blood-derived mesenchymal 
stem/progenitor cells of the present invention into chondrocytes 

1) Differentiation of umbilical cord blood-derived mesenchymal 
stem/progenitor cells of the present invention into chondrocy tes 
30 In order to examine if the umbilical cord blood-derived mesenchymal 
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stem/progenitor cells of the present invention have the . characteristic of 
differentiating into mesenchymal tissues, the differentiation of these cells into 
chondrocytes was induced. 

The medium used in differentiation into the chondrocytes had the 

* 

5 composition given in Table 1 above, and the cells were differentiated in pellet 
cultures. The medium was replaced every three days, and cells were sampled at 
one-week intervals after differentiation induction, and subjected to immunomarker 
expression analysis and molecular biological analysis. 

10 2) Immunochemical analysis of the chondrogenic differentiated tissues 

After differentiation into the chondrocytes, the cells of the present invention 
were immunostained as follows in order to examine that they express type H collagen, 
as a chondrocyte-specific antigen. 

Cell pellet samples collected at one-week intervals after inducing 
15 differentiation into chondrocytes were embedded in paraffin, or frozen and sectioned 
in order to sufficiently maintain the antigenicity of epitopes. Then, the pellet tissues 

were immobilized on slides to a thickness of 3-5 |um and immunostained. 

* 

The respective slides were treated with hydrogen peroxide for 5 minutes to 
remove peroxidase present within the cells, and then treated with a protein blocking 

20 reagent for 5 minutes. 

Thereafter, they were incubated with rat monoclonal antibodies for 10 
minutes. After washing, they were treated with streptavidin peroxidase for 10 
minutes. Next, they were treated with chromogens to cause color reaction, and 
counterstained with hematoxilin. 

25 As a result, one week after inducing the differentiation of the umbilical cord 

blood-derived mesenchymal stem/progenitor cells of the present invention into the 
chondrocytes, positive findings were observed in a portion of the pellets. Also, as 
shown in FIG. 9, three weeks after inducting the differentiation, positive findings 
were observed in the whole pellets. 

30 Considering the fact that the differentiated cells secrete the type II collagen 

* 
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as an important component of extracellular matrix (ECM) as described above, it is 
believed that the cells of the present invention can sufficiently perform functions of 
the chondrocytes. 

5 3) Molecular biological analysis of the chondrogenic differentiated tissues 

After inducing the differentiation of the inventive cells into chondrocytes, 
reverse transcription-polymerase chain reaction (RT-PCR) was conducted as follows 
in order to examine if the inventive cells express chondrocyte-specific genes. 

Cell pellets collected at one-week intervals after inducing differentiation into 
10 chondrocytes were treated with Trizol R for 5 minutes and treated with chloroform, 
followed by centrifugation at 15000 rpm for 15 minutes. The supernatant was taken 
and added with isopropanol so as to precipitate RNA. 

In RT reaction, RNA obtained as described above, 1 ul oligo d(T) primer, 1 ^1 
dNTP mix solution, and RNase-free water were mixed and reacted for 5 minutes at 
15 65 °C. To this mixture, 4ul RT reaction buffer, 2jnl DTT and RNase inhibitor 
were added and reacted at 42 °C for 2 minutes. After this, reverse transcriptase was 
added to the mixture and reacted at 42 °C for 50 minutes. cDNA obtained as 
described above was inactivated at 70 °C for 15 minutes and used as a PCR template. 
In PCR reaction, type I collagen, type II collagen, type X collagen and 
20 aggrecan genes were used as primers. As a positive control, a human articular 
chondrocyte was selected, and as a negative control, a GAPDH gene that is always 
expressed in cells at a constant level was selected. 

To each of reaction tubes, 5p.l cDNA, primer, dNTP mix solution, 
magnesium chloride, 10-fold PCR reaction buffer, and Taq polymerase were added, 
25 to which sterilized, triply distilled water was added so as to adjust a final reaction 
volume to 50ul Then, PCR reaction was conducted in the 50ul final reaction 
volume. The base sequence of a primer for each of the genes, and reaction 
conditions are given in Table 3 below. 
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Table 3: 



Genes 



Base sequence of primers 



PCR 
composition 



PCR conditions 



GAPDH 



Type I 
collagen 



Type II 
collagen 



TypeX 
collagen 



Aggrecan 



S'-ACCACAGTCCATGCCATCAW 
(forward, SEQ ID NO: 1) 

5 , •.TCCACCACCCTGTTGCTGTA-3 , 
(reverse, SEQ ID NO: 2) 



5 , -CCCCCTCCCCAGCCACAAAGA-3 , 
(forward, SEQ ID NO: 3) 

5 , -TCTTGGTCGGTGGTGGACTCT-3 , 
(reverse, SEQ ID NO: 4) 



S'-TTTCCCAGGTCAAGATGGTW 
(forward, SEQ ID NO: 5) 

5 , -CTTCACCACCTGTCTCACCA-3' 
(reverse, SEQ ID NO: 6) 



5'-CCCTI TIM 'GCTGCTAGTATCC^' 
(forward, SEQ ID NO: 7) 

S'-CTGTTGTCCAGGTTTTCCTGGCAC- 
3' 

(reverse, SEQ ID NO: 8) 



5-TGAGGAGGGCTGGAACAAGTACC- 

3' - 

(forward, SEQ ID NO: 9) 

S'-GGAGGTGGTAATTGCAGGGAACA- 

3' . 

(reverse, SEQ ID NO: 10) 



cDNA 

template: 5|il 

primers: 2.5jj1, 
respectively 

PCR mix 
solution: 7.7^1 



Initial denaturation at 94°C for 
2min; 

35 cycles of 94°C far 30sec, 60°C 
for 30sec, and 72°C for 30 sec; 
and final extension at 72°C for 
7min 



Initial denaturation at 94°C for 
2min; 

35 cycles of 94°C for 30sec, 60°C 
for 30sec, and 72°C for 30 sec; 
and final extension at 72°C for 
7Trri n 



Initial denaturation at 94°C for 
2min; 

35 cycles of 94°C for 30sec, 55°C 
for 30sec, and 72°C for 30 sec; 
and final extension at 72°C for 
7min • 

Initial denaturation at 94°C for 
2rain; 

35 cycles of 94°C for 30sec, 57°C 
for 30sec, and 72°C for 30 sec; 
and final extension at 72°C for 
7min 

Initial denaturation at 94°C for 
2min; 

35 cycles of 94°C for 30sec, 60°C 
for 30sec, and 72°C for 30 sec; 
and final extension at 72°C for 
7min 



The respective PCR products were electrophoresed, and the results thereof 
are shown in FIG. 10. 

As shown in FIG. 10, the umbilical cord blood-derived mesenchymal 
stem/progenitor cells of the present invention expressed all the type II collagen, type 
X collagen and aggrecan genes from one week after inducing their differentiation 
into chondrocytes. 

Particularly, the expression level of each of the genes was further increased 
with longer differentiation time. Four weeks after differentiation induction, the 
expression level of each of the genes was as high as the human articular chondrocyte 
(referred to as "chon") that is the positive control. 

On the other hand, the expression level of the GAPDH gene as the negative 
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control was constant regardless of differentiation induction time. 

Accordingly, the umbilical cord blood-derived mesenchymal stem/progenitor 
cells of the present invention can be differentiated into the chondrocytes under 
suitable conditions. 




stem/progenitor cells of the present invention into osteoblasts 

I) Differentiation of umbilical cord blood-derived mesenchymal 

stem/progenito r cells of the present invention into osteoblasts 
!0 In order to examine if the mesenchymal stem/progenitor cells of the present 

invention have the characteristics of differentiating into the osteoblasts, the 

differentiation of the inventive cells into the osteoblasts was induced. 

The medium used in differentiation into the osteoblasts had the composition 

given in Table 1 above, and the cells were differentiated in monolayer-culture. The 
15 medium was replaced every three days, and cells were sampled at one-week intervals 

after differentiation induction, and subjected to immunomarker expression analysis 

and molecular biological analysis. 



2) Histoche mical analysis of osteogenic differentiated tissues 
After differentiation into the osteoblasts, the cells of the present invention 
were histochemically stained as follows in order to examine if they express alkaline 
phosphatase that is an osteoblast-specific antigen. 

Cells, which had been collected at one-week intervals after induction of 
differentiation into the osteoblasts by monolayer culture, were immobilized with 
25 methanol and then histochemically stained for alkaline phosphatase as an osteoblast- 
specific antigen. Also, in order to determine if calcium as an extracellular 
component is accumulated, the cells were examined by von Kossa staining. Results 
are shown in FIG. 11. 

As shown in FIG. 1 1 , from one week after inducting the differentiation of the 
umbilical cord blood-derived mesenchymal stem/progenitor cells of the present 
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invention into the osteoblasts, positive findings were observed in a portion of the 
tissues. Three to four weeks after induction of differentiation, positive findings 
were observed in the whole tissues. 

The results of von Kossa staining showed that extracellular calcium 
accumulation was gradually increased. 

Considering the fact that the differentiated cells express the alkaline 
phosphatase as an important component of the osteoblast and allow extracellular 
calcium accumulation as described above, it is believed that the cells of the present 
invention can sufficiently perform functions of the osteoblasts. 

3) Molecular biological a nalysis of osteogenic differentiated tissues 

After differentiation into osteoblasts, RT-PCR was conducted as follows in 

order to examine if the cells of the present invention express osteoblast-specific 

genes. 

Tissues collected at one-week intervals after differentiation into osteoblasts 
were treated with Trizol R for 5 minutes and then treated with chloroform, followed 
by centrifugation at 15000 rpm for 15 minutes. The supernatant was taken and 
added with isopropanol so as to precipitate RNA. 

In RT reaction, RNA obtained as described above, lul oligo d(T) primer, 1^1 
dNTP mix solution, and RNase-free water were mixed and reacted for 5 minutes at 
65 °C. To this mixture, 4ul RT reaction buffer, 2p.l DTT and lui RNase inhibitor 
were added and reacted at 42 °C for 2 minutes. After this, reverse transcriptase was 
added to the mixture and reacted at 42 °C for 50 minutes. cDNA thus obtained was 
inactivated at 70 °C for 1 5 minutes and used as a PCR template. 

In PCR reaction, osteocalcin, osteopontin alkaline phosphatase that are 
osteoblast-specific genes were used as primers. As a negative control, a GAPDH 
gene that is always expressed in cells at a constant level was selected. 

To each of reaction tubes, 5ul cDNA, primer, dNTP mix solution, 

magnesium chloride, 10-fold PCR reaction buffer, and Taq polymerase were added, 

to which sterilized, triply distilled water was added so as to adjust a final reaction 
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volume to 50|xl. Then, PCR reaction was conducted in the 50ul final reaction 
volume. The base sequence of a primer for each of the genes, and reaction 
conditions are given in Table 4 below. 



Table 4: 



Genes 


Base sequences of primers 


GAPDH 
Osteocalcin 


S-ACCACAGTCCATGCCATCAW 
(forward, SEQ ID NO: 1) 

y-TCCACCACCCTGTTGCTGTA-S' 
(reverse, SEQ ID NO: 2) 


^-CATGACAGCCCTCACA-S 1 
(forward, SEQ ID NO: 1 1) 

5'-AGAGCGACACCCTAGAC-3' 
(reverse, SEQ ID NO: 12) 


Osteopontin 


5*-CCAAGTAAGTCCAACGAAAG-3 f 
(forward, SEQ ID NO: 13) 

y-GGTGATGTCCTCGTCTGTA-S' 
(reverse, SEQ ID NO: 14) 


Alkaline 
phosphatase 


5-TGGAGCTTCAGAGACTCAACACCA-3 1 
(forward, SEQ ID NO: 1 5) 

5'-ATCTCGTTGTCTGAGTACCAGTCC-3' 
(reverse, SEQ ID NO: 16) 



PCR composition 



PCR conditions 



cDNA template: 
5^1 

Primers: 2.5^1, 
respectively 

PCR mix solution: 
7.7^11 



Initial denaturation at 
94°C for 2min; 35 
cycles of 94°C for 
30sec, 55 °C for 30sec, 
and 72°C for 30 sec; 
and final extension at 
72°C for 7min 



The respective PCR products were electrophoresed, and the results thereof 
are shown in FIG. 12. 

As shown in FIG. 12, the umbilical cord blood-derived mesenchymal 
stem/progenitor cells of the present invention expressed- all osteocalcin, osteopontin 
and alkaline phosphatase from one week after inducing their differentiation into the 
osteocytes. The expression level of each of the genes was further increased with 
longer differentiati on time. 

On the other hand, the expression level of the GAPDH gene as the negative 
control was constant regardless of the passage of differentiation induction time. 

Accordingly, the umbilical cord blood-derived mesenchymal stem/progenitor 
cells of the present invention can be differentiated into the osteoblasts under suitable 
conditions. 
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Industrial Applicability 

As described above, the method of cell isolation and cultivation according to 
the present invention has an effect of isolating the mesenchymal stem/progenitor 
5 cells from the umbilical cord blood while maintaining high purity and viability of the 
cells. 

The mesenchymal stern/progenitor cells, which were isolated and cultivated 
from the umbilical cord blood according to the present invention, can be 
differentiated to various mesenchymal tissues, including chondrocytes and 
10 osteoblasts, under suitable conditions. 

Accordingly, the method of cell isolation and cultivation according to the 
present invention, and the umbilical cord blood-derived mesenchymal 
stem/progenitor cells isolated and cultivated thereby, are useful in the renewal and 
treatment of injured mesenchymal tissues. 
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i. A method tor the isolation and cultivation of mesenchymal 
stem/progenitor cells from umbilical cord blood, which comprises the steps of: 
5 overlaying umbilical cord blood onto Ficoll-Hypaque solution; 

centrifuging the umbilical cord blood on the Ficoll-Hypaque solution to 
obtain mononuclear cells; 

reacting cells obtained by monolayer culture of the mononuclear cells with 
antibodies to mesenchymal stem/progenitor cell-specific antigens for a 
10 predetermined period of incubation time; 

isolating only cells bound to their corresponding antibodies using a cell 
sorter; and 

cultivating the isolated cells. 
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2. The method of Claim 1, wherein the antibodies to the mesenchymal 
stem/progenitor cell-specific antigens are one or more selected from antibodies for 
CD105, stro-1, SH3 and SH4 antigens. 



3. Umbilical cord blood-derived mesenchymal stem/progenitor cells, which 
20 were isolated and cultivated by the method of Claim 1 or 2. 



4. The umbilical cord blood-derived mesenchymal stem/progenitor cells of 
Claim 3, which show a positive response to antibodies for CD29, CD49e, CD44, 
CD54, CD13, CD90, SH2, SH3 and SH4 antigens, and show a negative response to 
25 antibodies for CD45, CD34, CD14, HLA-DR, CD31,.CD51/61, CD49d, CD106 and 
CD64 antigens. 



5. A method for the differentiation of mesenchymal stem/progenitor cells 
into mesenchymal cells, wherein the cells of Claim 4 are cultured in cell 
30 differentiation medium for a predetermined period of incubation time. 



6. The method of Claim 5, wherein the mesenchymal cells are chondrocyt 



7. The method of Claim 6, wherein the cell differentiation medium consists 
5 of 10 ng/ml of TGF-pm, 6.25 fig/ml of bovine insulin, 6.25 ug/ml of transferrin, 
5.35 ng/ml of selenous acid, 1.25 ug/ml of linoleic acid, 100 ug/ml of bovine serum 
albumin (BSA), 100 mM of sodium pyruvate, 100 nM of dexamethasone, 50 ng/ml 
of ascorbic acid 2-phosphate and 40 ug/ml of proline. 

*0 8. Chondrocytes obtained by the method of Claim 7. 

* 

9. The method of Claim 5, wherein the mesenchymal cells are osteoblasts. 

10. The method of Claim 6, wherein the differentiation medium consists of 
15 0. 1 uM of dexamethasone, 10 mM of P-glycerol phosphate, and 50 uM of ascorbic 

acid 2-phosphate. 

11. Osteoblasts obtained by the method of Claim 10. 

20 
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<170> Kopatentln 1.71 



<210> 
<211> 
<212> 
<213> 



1 

20 
DNA 

Artificial Sequence 



<220> 
<223> 



forward primer for amplifying GAPDH gene 



<400> 1 

accacagtcc atgccatcac 



20 



<210> 
C211> 
<212> 
<213> 



2 

20 
DNA 

■ 

Artificial Sequence 



<220> 
<223> 



reverse primer for amplifying GAPDH gene 



- 1 - 
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Sequence Listing 



<400> 2 

tccaccaccc tgttgctgta 



20 



<210> 3 

<211> 21 

<212> DNA 

<213> Artificial Sequence 



<220> 
<223> 



forward primer for amplifying type 1 collagen gene 



<400> 3 

ccccctcccc agccacaaag a 



21 



<210> 
<211> 
<212> 
<213> 



21 
DNA 

Artificial Sequence 



<220> 
<223> 



reverse primer for amplifying type 1 collagen gene 



<400> 4 

tcttggtcgg tggtggactc t 



21 



<210> 
<211> 
<212> 
<213> 



20 
DNA 

Artificial Sequence 



<220> 



<223> forward primer for amplifying type 2 collagen gene 



Sequence Listing 



<400> 5 

tttcccaggt caagatggtc 



20 



<210> 6 

<211> 20 

<212> DNA 

<213> Artificial Sequence 



<220> 



<223> • reverse primer for' amplifying type 2 collagen gene 



<400> 



cttcaccacc tgtctcacca 



20 



<210> 7 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> forward primer for amplifying type 10 collagen gene 



<400> 7 

ccctttttgc tgctagtatc c 

<210> 8 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> ^ reverse primer for amplifying type 10 collagen gene 
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Sequence Listing 



<400> 8 

ctgttgtcca ggttttcctg gcac 



<210> 9 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> forward primer for amplifying aggrecan gene 



<4 00> 9 

tgaggagggc tggaacaagt acc 



23 



<210> 10 

<211> 23 

<212> DNA 

<213> Artificial Sequence 



<220> 
<223> 



reverse primer for amplifying aggrecan gene 



<4O0> 



10 



ggaggtggta attgcaggga aca 



23 



<210> 
<211> 
<212> 
<213> 



11 
16 
DNA 

Artificial Sequence 



<220> 
<223> 



forward primer for amplifying osteocalcin gene 



<400> 11 



Sequence Listing 



catgacagcc ctcaca 



16 



<210> 12 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> reverse primer for amplifying osteocalcin gene 



<4 00> 12 

agagcgacac cctagac 17 



<210> 13 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> forward primer for amplifying osteopontin gene 



<400> 13 

ccaagtaagt ccaacgaaag 2Q 



<210> 14 

<211> 19 

<212> DNA 

<213> Artificial Sequence 



<220> 
<223> 



reverse primer for amplifying osteopontin gene 



<400> 



14 



ggtgatgtcc tcgtctgta 



19 
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Sequence Listing 



<210> 
<211> 
<212> 
<213> 



15 
24 
DNA 

Artificial Sequence 



<220> 
<223> 



forward primer for amplifying alkaline phosphatase gene 



<400> 15 

tggagcttca gagactcaac acca 



24 



<210> 
<211> 
<212> 
<213> 



16 
24 
DNA 

Artificial Sequence 



<220> 
<223> 



reverse primer for amplifying alkaline phosphatase gene 



<400> 16 

atctcgttgt ctgagtacca gtcc 
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